INTRODUCTION
============

Over the past decade, laser-assisted corneal refractive surgery has been used to correct a wide range of refractive errors with safety and high efficacy in the vast majority of cases \[[@R1]\]. In the case that excimer laser surgery cannot be performed due to a thin corneal tissue or high myopia, the implantation of a phakic intraocular lens (pIOL) could be considered as an option of refractive surgery \[[@R2],[@R3]\].

The pIOLs have been classified according to the site of implantation within the eye: anterior chamber pIOL (iris fixated or angle supported) and posterior chamber (PC) pIOL. In both cases, the pIOL implantation surgery provides the maintenance of accommodation and the procedure is theoretically reversible \[[@R4],[@R5]\]. The implantation of a pIOL in a phakic eye, however, gives rise to concerns about the potential intraoperative and postoperative complications, including the risk of pupil ovalization, corneal endothelial loss, pupillary block glaucoma, cataract formation and retinal detachment \[[@R6]-[@R9]\].

The lack of stability of the pIOL position in the anterior or posterior chambers has been directly related to the increased rate of complications \[[@R10]\]. The AcrySof Cachet pIOL (Alcon, Laboratories, Inc., Fort Worth, TX) is a single-piece foldable hydrophobic acrylic angle-supported pIOL implantable, through a 2.6 mm clear corneal incision, in the anterior chamber (AC). The Cachet pIOL has been designed to achieve predictable positioning in the AC, stable vaulting and low compression forces on the irido-corneal angle, while minimizing corneal endothelial cell loss, pupil ovalization and cataract formation \[[@R11]\]. In previous work, Kohen *et al*. showed a high predictability and accuracy of the refractive outcome in eyes implanted with the pIOL Cachet over a 1-year follow-up \[[@R11],[@R12]\].

The aim of the present study was to evaluate the position stability of the Cachet pIOL in the anterior chamber during a 6-months follow-up.

MATERIAL AND METHODOLOGY
========================

Subjects were considered eligible for the study if they were at least 21 years old and met the following inclusion criteria: myopia higher than -6.00 diopters (D) and ineligibility to be submitted to corneal excimer laser surgery, 20/40 or better Best-Spectacle Corrected Visual Acuity (BSCVA) and at least two years of refractive stability. The exclusion criteria were: an Anterior Chamber Depth (ACD) shallower than 3.20 mm (including the corneal epithelium), history of ocular pathologies or previous ocular surgery, mesopic pupil diameter larger than 7.00 mm, refractive astigmatism higher than 2.00 D. The minimum endothelial cell density (ECD) count was related to the patient\'s age according to the manufacturer (e.g., 18 --25 years: 2800 cells/mm^2^; 26 --35 years: 2600 cells/mm^2^; 36 -- 45 years: 2200 cells/mm^2^; and \>46 years: 2000 cells/mm^2^; Refractive Implants: Investigational Device Exemptions and Premarket Approval Applications; U.S. Food and Drug Administration, Draft August 1, 2000). All subjects gave a written, informed consent before the surgery after a full explanation of the procedure. The study adhered to the tenets of Declaration of Helsinki.

Surgical Procedure
------------------

The AcrySof Cachet pIOL is a single-piece, foldable, soft acrylic lens (acrylate/methacrylate co-polymer) with a 6.00 mm diameter optic (Fig. **[1](#F1){ref-type="fig"}**).

The procedures were performed by two experienced surgeons (L.G., L.I.) under topical anesthesia. Before surgery, the pupil was constricted using pilocarpine 2% eye drops in order to prevent potential contact of the pIOL with the crystalline lens. The anterior chamber was accessed with a corneal tunnel incision of 2.6 mm using a purpose-designed surgical knife (Alcon, Fort worth, Tx USA). Administration of acetylcholine chloride intraocular solution 1% (Miochol-E, Novartis Ophthalmics, East Hanover, NJ) was used when insufﬁcient pupil constriction was observed intraoperatively. Sodium hyaluronate 1% (Provisc, Alcon Laboratories, Inc.) was then injected tangentially into the angle. In this study, three Cachet pIOL models of different overall length, that were chosen based on the preoperative white-to-white measurements, were implanted: three L12500 models (12.50 mm length), thirteen L13000 models (13.00 mm length) and fourteen L13500 models (14.00 mm length). The Cachet pIOL was loaded into anterior chamber using P-Cartridge and Monarch III injector (Alcon, Fort worth, Tx USA) with its anterior optic surface facing upward and was then folded and slowly delivered with the cartridge positioned over the pupil (approximately in the area of maximum ACD). After delivering the leading haptics to unfold in the distal irido-corneal angle, the cartridge was removed from AC. The trailing haptics were left just outside the incision and then tucked one at a time into the anterior chamber. The viscoelastic was completely removed by irrigation and aspiration. No sutures neither iridectomy or iridotomy were done in any case. At the end of the procedure, all subjects were administered an acetazolamide pill (250 mg) in order to prevent intraocular pressure increase. Postoperative treatment included topical antibiotic and steroid drops (Tobradex, Alcon Laboratories, Inc.) for 4 weeks.

Clinical Examination
--------------------

Preoperatively and postoperatively at 1 day, 1 week, 1- and 6-months, all subjects received a complete eye examination, including manifest spherical equivalent refraction (SEr), slit lamp anterior and posterior segment examination, gonioscopic examination and Goldmann tonometry.

All the examination included an anterior segment photography.

The mesopic pupil size was measured using the Eyetop topographer (CSO, Scandicci, Italy). Keratometry, ACD, axial length and white-to-white measurement were measured using the IOL Master (Carl Zeiss AG, Oberkochen, Germany). White-to-white measurement made with IOL Master was used as an estimation of the anterior chamber diameter: it was measured as the width of the cornea from the nasal limbus to the temporal limbus using the software caliper (0º-180º). White-to-white measurement was required to properly select the Cachet pIOL size. The Cachet pIOL power calculation was predicted using the formula originally developed by Van der Heijde and further reﬁned by Holladay \[[@R13],[@R14]\]. The targeted SEr was plano in all cases.

The corneal endothelial images were taken at the corneal center using the NonCon-Robo specular microscope (Konan Medical, Inc., Hyogo, Japan). The cell count was performed on two images per eye. At least 50 contiguous cells were marked on each image to estimate the endothelial cell density (ECD). The anterior chamber of each eye was analyzed using an Anterior Segment OCT (AS-OCT, Visante, Zeiss). The stability of the Cachet pIOL position was determined by measuring, at 1- and 6-months postoperatively, the following parameters: 1) the minimum distance between the anterior surface of the Cachet pIOL optic disk and the central corneal endothelium; 2) the minimum distance between the optic disk's edges of the pIOL and the endothelium; 3) the minimum distance between the posterior surface of the pIOL optic disk and the anterior surface of the crystalline lens (Fig. **[2a](#F2){ref-type="fig"}-[c](#F2){ref-type="fig"}**).

All the examinations were performed by the same examiner both preoperatively and postoperatively (D.S.L.).

Statistics
----------

Statistics was performed using the SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA). Variables were calculated as mean ± standard deviation. The differences between the preoperative and postoperative values and between early and late postoperative values were calculated using the Wilcoxon rank test. A *P* value less than 0.05 was considered statistically significant for all the tests performed.

RESULTS
=======

Thirty eyes of 16 subjects (9 female and 7 male; mean age 36.10 ± 8.34) were recruited. The mean preoperative SEr was -10.29 ± 3.05 D, ranging from -6.00 to -16.75 D. Mean preoperative ACD was 3.28 ± 0.36mm (range: 2.73 mm to 3.98 mm) and the mean white-to-white distance was 12.16 ± 0.31mm (range: 11.80 mm to 13.00 mm).

The surgery was uneventful in all cases; no pupil ovalization or pupillary block was observed postoperatively.

At 1 month postoperatively, the average minimum distances between the edges of the Cachet pIOL optic disk and the corneal endothelium were 1.40 ± 0.18 mm and 1.41 ± 0.20 mm at 0° and 180° respectively; at 6 months, there were 1.42 ± 0.25 mm (*P*\>0.05) and 1.37 ± 0.22 mm (*P*\>0.05) respectively. The 1- and 6-months postoperative mean distance between the anterior surface of the Cachet pIOL optic disk and the central corneal endothelium were 2.01 ± 0.44 mm and 2.10 ± 0.24 mm (*P*\>0.05) respectively. The 1- and 6-months postoperative mean distance between the posterior surface of the pIOL optic disk and the anterior surface of the crystalline lens were 0.89 ± 0.19 mm and 0.95 ± 0.28mm (*P*\>0.05) respectively. The pIOL optic disk position measurements following surgery are summarized in Table **[1](#T1){ref-type="table"}**.

The mean preoperative and 6-months postoperative ECD count were 2794 ± 337 cell/mm^2^ and 2776 ± 388 cell/mm^2^ respectively (*P*\>0.05). The mean percentage ECD loss from preoperatively to 6-months postoperatively was 0.7 %.

DISCUSSION
==========

In this study, we evaluated the position stability in the anterior chamber of the pIOL Cachet during a 6-months follow-up. In our series no pupil ovalization, cataract formation or pupillary block were observed postoperatively. The long term anterior chamber pIOL-related complications have been considered to be the result of the lack of positional stability of the lens itself \[[@R10]\]. If the pIOL position is stable in the anterior chamber of the eye, the risk of complications, including ECD loss and cataract formation are minimized. We used an AS-OCT to assess the position stability of the Cachet pIOL \[[@R15]\]. The minimum distances between the Cachet pIOL and the AC structures (i.e., the endothelium and the crystalline lens) were measured in three points of interest, showing that the differences between the distance values taken at 1- and 6-months postoperatively were ≤0.1 mm.

We did not attempt to evaluate the rotation of Cachet pIOL in the AC since it was beyond the scope of the present work. On the other hand, slit lamp images taken in all eyes at each postoperative interval did not show any clinical significant rotation of the pIOL axis.

In a previous study, Aliò *et al*. used AS-OCT to evaluate the pIOL position of the AcrySof Cachet pIOL in the anterior segment at 3 months after surgery \[[@R16]\]. Their measurements were comparable to those shown in this work: the mean endothelium-pIOL distance and the mean pIOL-crystalline lens distance were 2.03 ± 0.25 mm and 0.94 ± 0.19 mm respectively. The distance values did not change significantly after pharmacological pupil dilation. In a 3-years follow-up, Kohnen *et al*., by using a Scheimpflug imaging technique, found that the endothelium-pIOL distance and the pIOL-crystalline lens distance were on average 2.15 ± 0.29 mm and 0.86 ± 0.22 mm respectively \[[@R11]\]. The mean preoperative ACD (3.71 ± 0.22 mm) of the population study was deeper than that found in other studies, where it was on average 3.27 ± 0.23mm \[[@R11],[@R17],[@R18]\].

In our study, we found an average 0.7 %ECD loss from preoperatively to 6-month postoperatively. Although the follow up period could not be considered adequate to identify a long term endothelial cell damage due to the presence of the pIOL in the anterior chamber, our findings compared favorably with those shown in long term studies \[[@R11],[@R12]-[@R19]\]. Knorz *et al*. reported a mean central ECD loss of 3.31% (change from preoperatively to 6-months postoperatively) \[[@R19]\]. A mean ECD loss ranging from 4.2 % to 15.3% was found up to 3-years following implantation of AC angle-supported pIOL \[[@R20],[@R21]\]. The surgical procedure was considered to be the main cause of ECD loss: most of the endothelial cell loss occurred during the first 6-months after surgery \[[@R17],[@R22]\].

The implantation of a pIOL (either in the AC or PC) has been related to early and late intraocular complications. These may include increased IOP, cataract, pupillary block or iris trauma, decreased endothelial cell density, corneal decompensation and bullous kheratopathy \[[@R8]\]. Retinal complications, such as retinal hemorrhage, were also reported as potential risks of this surgery \[[@R8],[@R9]\]. Overall, the Cachet pIOL showed low risk of complications; work is however needed to evaluate its long term safety and stability. The pIOL implantation surgery complications are in general related to the lack of adequate preoperative assessment of the anterior segment structures. A proper patient/eye selection, by measuring ACD and ECD, is mandatory to ensure favorable and predictable refractive outcomes while minimizing the risk of complications.

CONCLUSION
==========

In our series, the stability of the Cachet pIOL was demonstrated using an AS-OCT instrument. The Cachet pIOL was shown to be stable in the AC during a 6-months follow-up. This study confirms that the phakic intraocular lenses implantation could be considered as a valid refractive alternative for subjects that are ineligible to undergo corneal refractive surgery \[[@R10]-[@R12],[@R16],[@R19]\].
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![(**A**) Slit Lamp image of a Cachet pIOL in the anterior chamber at 6 months postoperatively. The interrupted arrow shows the major axis of the lens (60° - 330°). (**B**) The AS-OCT image of the pIOL taken along the major axis. Details of the haptic, iris and anterior surface of the crystalline lens are clearly visible.](TOOPHTJ-7-20_F1){#F1}

![AS-OCT image of the pIOL at 6-months postoperatively. The pIOL design allows the maintenance of a virtually safe distance from the anterior chamber structures, including the anterior surface of the crystalline lens, the iris, the iridocorneal angle and the corneal endothelium. The red arrows highlight the minimum distances, as measured in this study, between (**a**) the center of the pIOL and the endothelium; (**b**) the edge of the pIOL and the endothelium; (**c**) the center of the pIOL center and the crystalline lens.](TOOPHTJ-7-20_F2){#F2}

###### 

Position Stability of the Cachet pIOL During Follow-Up Measured, Using AS-OCT, as the Distance Between the Lens and the Anterior Chamber Closest Structures. Data are Given as Mean ± Standard Deviation

  AS-OCT Measurements (mm)                           1-Mn Postoperative   6-Mn Postoperative
  -------------------------------------------------- -------------------- --------------------
  Minimum distance "center pIOL-corneal apex"        2.01 ± 0.44          2.10 ± 0.24
  Minimum distance "edge pIOL-endothelium at 180°"   1.41 ± 0.20          1.37 ± 0.22
  Minimum distance "edge pIOL-endothelium at 0°"     1.40 ± 0.18          1.42 ± 0.25
  Minimum distance "center pIOL-crystalline lens"    0.89 ± 0.19          0.95 ± 0.28

P\>0.05 between 1- and 6-months values.
